Spontaneous leaflet fracture of mechanical heart valve prostheses is very rare. We describe a case of spontaneous leaflet embolization 31 years after aortic valve replacement with an Edwards-Duromedics prosthesis (Baxter Healthcare Corp., Edwards Division, Santa Ana, CA). We review the literature on this subject to increase awareness and recognition for this potentially life-threatening complication. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
| INTRODUCTION
Spontaneous leaflet fracture of mechanical heart valve prostheses is very rare. It is potentially life threatening and usually requires emergent surgery. There are a few valve prosthesis series wellknown for having a higher risk of such mechanical structural valve failure, of which the Björk-Shiley convexoconcave (BSCC) monostrut tilting disc prosthetic aortic heart valve (Pfizer, Rye Brook, NY) is the most documented. 1 Fractures of the BSCC valve's outlet struts and subsequent escape of the disc was estimated at 0.7% for all BSCC valves, but was up to 3.9% for the 70°opening angle model, often leading to massive regurgitation and death. 1 Unfortunately, besides the BSCC valve, there are other mechanical heart valve prosthesis brands that have an increased risk of mechanical structural valve failure. We report a case of spontaneous leaflet fracture and escape 31 years after aortic valve replacement with an Edwards-Duromedics (ED) bileaflet mechanical prosthesis (Baxter Healthcare Corp., Edwards Division, Santa Ana, CA) in a 63-year-old male who developed life-threatening acute aortic regurgitation in whom emergent surgical treatment was necessary. To the best of our knowledge, this case presents the longest period between prosthesis implantation and leaflet escape. In addition, a review of the available literature on this subject is presented.
| PATIENT PROFILE
A 63-year-old male presented to a local hospital with cardiogenic shock. His previous medical history included endocarditis 31 years ago for which he underwent antibiotic treatment and aortic valve replacement with a 27-mm ED bileaflet mechanical prosthesis. A computed tomography (CT) of thorax and abdomen showed a saccular aneurysm of the ascending aorta measuring 83 × 47 mm (at the level of the previous aortotomy), and changes consistent with pulmonary edema. Coronary angiography (CAG) demonstrated no coronary abnormalities; however, it confirmed severe aortic
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| INCIDENCE AND OUTCOMES FOLLOWING MECHANICAL VALVE STRUT FRACTURES
As mentioned earlier, the BSCC valve is the most well-known example of mechanical structural heart valve failure, associated with more known serious adverse outcomes than any other implanted medical device. Horizonte, Brazil) mechanical valve.
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The ED prosthesis (Baxter Healthcare Corp., Edwards Division)
is a bileaflet mechanical heart valve first introduced and implanted in 1982. After approximately 20,000 valve prostheses were implanted the valve was withdrawn from the market in 1988 after at least 46 cases of leaflet escape were registered by the manufacturer. 9 The original valve was modified to correct structural problems and was reintroduced in 1990 as the Edwards TEKNA bileaflet valve.
However, despite the revisions to the valve, cases of leaflet escape continued which led to the discontinuation of the TEKNA valve in
2000.
Twenty-one papers reporting 23 cases involving ED or Edwards TEKNA valves were published after discontinuation [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] (Table 1) . In these cases, fractured leaflets occured more commonly from mechanical mitral valves compared to aortic valves (87% vs 13%).
This is attributed to differences in dynamics and pressures over the mitral valve compared to protheses in the aortic position. 29 Duration between prosthesis implantation and leaflet escape varies among cases. The mean period from initial surgery until leaflet escape is 9.1 ± 7.4 years for mitral valves (n = 19) and 4.5 ± 3.1 years for aortic valves (n = 3, P = 0.908). Our current case, which is 31 years between initial surgery and leaflet escape, is the longest period between valve implantation and the event. Patients tend to present with acute severe dyspnea due to fulminant pulmonary edema and left-sided cardiac dysfunction. All patients underwent emergency surgery. Four patients did not survive acute cardiac decompensation or emergency surgery, and the mortality rate is estimated at 17% among published cases (Table 2) .
Leaflet escape in mechanical heart valves of other manufactures is very rare and is limited to single case reports, including an
Omnicarbon aortic valve prosthesis 30 (Medical Inc., Inver Grove (Table 3) .
| DIAGNOSIS OF LEAFLET FRACTURE AND ESCAPE
Transthoracic echocardiography is used to diagnose a missing leaflet. 14, 26, 27 Transthoracic echocardiography in our case showed major aortic regurgitation but did not clearly identify the missing leaflet. We diagnosed the missing aortic valve leaflet using fluoroscopy while performing CAG. The radio-opacity of the carbon that is used to design mechanic heart valves makes it very easy to observe the absence of simultaneous movement of leaflets or a stenotic valve by leaflet immobility (Figure 2 ). Fluoroscopy could therefore be a valuable alternative to trans-thoracic echocardiography when imaging with echocardiography is difficult such in obese patients.
Computer tomography is a reliable imaging technique to localize escaped leaflets. In our review of the ED and/or Edwards TEKNA valves, most leaflets migrated to the abdominal aorta (13%) or iliac arteries (78%), and in one case to the brachiocephalic artery (Table 1) . 25 In 48% of cases a leaflet fracture was demonstrated (Table 1 ). Other valve brands show similar locations for leaflet embolization (Table 3 ).
Our patient also had a fragmented leaflet, of which 2/3 of the leaflet was located in left superficial femoral artery and 1/3 in the left popliteal artery (Figure 3) . In cases where the escaped leaflet is still missing or fragmentation is suspected, we recommend to perform a full-body CT, preferably with 3D reconstruction. Period from initial surgery until leaflet escape (years ± SD) 9.5 ± 8.4 11.1 ± 13.5 9.1 ± 7.4*
In one case duration to escape was not reported. SD, standard deviation.
| PATHOGENESIS AND RISK OF LEAFLET FRACTURE AND ESCAPE
Valve failure is most often due to outlet strut fracture leading to dislodgement and embolization of the occluder disc. 1 Metallurgic analyses have shown that these fractures are caused by a combination of abnormal outlet strut loading (due to its bimodal closure pattern)
with inferior weld quality. 33 Multiple factors have been hypothesized for the cause of increased risk of leaflet fracture and escape in the EdwardsDuromedics prostheses, including inadequate compliance of the sewing ring (reducing shock absorption) and surgical mishandling during prosthesis implantation. 34 In addition, other potential causes for accelerated material deterioration include assymetric valve closure with local stresses, and clustered micro-porosity of the pyrolytic carbon. Cavitation has been identified as the most contributing factor to failure of the Edward-Duromedics prosthesis. 34 Cavitation is the process in which pressure differences in blood flow cause formation of unstable air bubbles that subsequently collapse and thereby release energy, leading to pitting and microcracking of the prosthesis. 35 Studies have reported that the cavitation threshold is much lower for Edwards Duromedics valves when compared to other bileaflet prostheses, leading to earlier and more severe damage. 36 The collapse of bubbles (and thus cavitation) produces a sound (high-frequency pressure fluctuations [HFPF] ) that can be quantified. 
| INDICATIONS FOR PROPHYLACTIC REOPERATIVE VALVE REPLACEMENT?
In the BSCC cases a Dutch research group showed that the 70°o pening angle, large valve size, mitral position and young age were the most important determinants for risk of outlet strut fracture (OSF). 38 Furthermore, analysis of manufacturers data showed that several aspects of the manufacturing process (eg, repetitive testing) also increased the risk of outlet strut fractures. 1 Based on these risk factors, advisory algorithms were devised to aid cardiothoracic surgeons in making a case-to-case decision on prophylactic BSCC replacement. [38] [39] [40] [41] It was concluded that each case should be assessed individually for a
proper balance between surgical mortality and gain in life expectancy after reoperation, against the risk of OSF and subsequent loss of life expectancy. Fortunately, the majority of the BSCC patients are now over 70 years of age and the annual incidence of OSF is estimated between 0.02% and 0.04% annually. 
